Objectives-Workers in the steel industry are exposed to various severe hazards. This study investigated risk factors for non-fatal injury occurring in the workplace and during travel to and from work in steelworkers in Brazil. Methods-Non-fatal work related injuries during employment from January 1977 to September 1992 were analysed in a cohort of 21 732 male workers in the steel plant of USIMINAS, Brazil. Results-There were 14 972 non-fatal injuries during follow up, with 10 891 injuries in the workplace and 4081 during travel to and from work (travel to work injury). The rate of injury in the workplace was 5.6/100 person-years and that of travel to work injury was 2.1/100 personyears. The most common injuries were to hands, arms, and eyes, with 90% of the eye injuries caused by a foreign body. Both rates of workplace and travel to work injury increased significantly with the number of injuries previously experienced, and decreased with number of years in employment and calendar period. The rates of travel to work injury also seemed to decrease with age, but age was not an independent predictor of workplace injury when we controlled for duration of employment. The rate of workplace injury was increased eightfold for workers who had experienced more than six previous injuries compared with those with no previous workplace injuries after adjusting for duration of employment and calendar period. Labourers were most at risk of workplace injury, with about eight injuries per 100 person-years. Travel to work injury was most common among support workers, with nearly half of the travel to work injuries aVecting the eyes. Conclusion-The rate of injury was high in these steelworks, both for workplace and travel to work injuries. Characteristics of the work areas and the employees can identify high risk groups; protective measures, safety, health training, and injury programmes should concentrate particularly on these groups. Prevention of eye injury needs special attention in steelworks. (Occup Environ Med 2000;57:555-562) 
Injury is a major cause of death among young people and a significant contributor to the global burden of disease and disability, accounting for 10% of mortality and 15% of the burden of death and disability world wide in 1990 (as expressed in disability adjusted life-years). 1 In most developed countries injury ranks third among the causes of death in men and women, whereas in developing countries it ranks third in men and fourth in women. 2 In the United States, the National Safety Council (1998) 3 estimated that 3.8 million work related unintentional disabling injuries occurred in 1997, with a total cost of $127.7 billion. The burden is particularly large in Latin America. 4 In Brazil, injury is responsible for about 60% of the deaths among men aged 15-44. 5 Occupation has been estimated to account for nearly one fifth of the global burden of injury, 4 but estimates of the burden of occupational injury are often imprecise because of underreporting and classification problems. Although a substantial amount is known about risk factors for the relatively few injury deaths, there is less information about hospital inpatient cases and still less about cases resulting in neither death nor hospital admission. Recent studies have reported on non-fatal injury in occupational groups including workers in the automotive manufacturing industry, 6 the furniture industry, 7 construction workers, 8 9 electrical utility meter readers, 10 and petroleum drilling workers. 11 Non-fatal injuries during travel to and from work have received even less attention than non-fatal injuries in the workplace.
The present study reports on non-fatal work related injury in a large cohort of workers in a Brazilian steel manufacturing plant. Steelworkers represent one of the largest occupational groups in Brazil. Although steelworks have long been regarded as hazardous places to work, [12] [13] [14] with exposure to hazards such as heat, noise, vibration, and gases, little published information is available from analytical epidemiological studies on injuries related to work areas and occupational hazards. Several studies of steelworkers in developed countries have reported the risk of death from injuries, [13] [14] [15] [16] [17] but there are few reports on non-fatal injuries. A study in Mexico described disabling injuries and a study in India examined burn injuries in the steel industry, 14 18 but these studies were small. However, to our knowledge, no other substantially sized studies have reported on injuries among steelworkers in the developing world.
The present paper describes the occurrence and risk factors for non-fatal work related injuries based on over 14 000 injuries in a cohort of 21 732 Brazilian steelworkers for whom we have previously reported on mortality.
Methods
The cohort comprised all male workers at the USIMINAS steel plant in Minas Gerais, Brazil who were employed at any time between 1 January 1977 and 31 August 1990. Workers who started employment before 1977 entered the study on 1 January 1977. Workers who started later entered the study on their first day of employment at the plant. Follow up finished with end of employment at the plant, death, or 15 September 1992, whichever occurred earlier. The subjects in the cohort were identified from records in the personnel department. The total number of workers was 21 870, but essential data were missing or incomplete for 138 workers, resulting in 21 732 men in the present study. The methods of data collection have been described previously. 19 This study investigated two types of injury; workplace injury that occurred inside the plant during the work shift and injury that occurred during travel to and from work (travel to work injury). The injuries were ascertained by a team under the supervision of SMB with the database of the Occupational Hygiene Department, which contained information on date and site of injury, type of tissue damage, number of working days lost as a result of the injury, and other general information about the worker. Information on injury was recorded on a card on the day that the injury occurred. Workers were followed up until completion of the information on number of workdays lost and possible long term consequences of the injury. Site and type of injury were also recorded at the time of injury with standard labels and entered into a computer file as recorded on the card. This database was thought to be highly complete because of the steelworks' highly organised occupational health and hygiene sectors that were responsible for processing and storing information promptly and submitting injury information to the Ministry of Labour monthly.
Information on the number of hours worked on a yearly basis was not available for individual workers. As an alternative to number of hours worked, we calculated injury rates with the number of person-years in employment as the denominator. Injury rates per 100 person-years at risk were calculated. Stata statistical software was used for the analysis. 22 Rate ratios were obtained by Poisson regression, with the 95% confidence intervals (95% CIs) based on Huber-White robust estimates of the SEM. 23 These SEMs were used to correct for a potential underestimation of the SEM due to the fact that many workers had several injuries and therefore that not all observations were independent. The Huber SEMs were confirmed with bootstrap analysis that showed very similar results. Rates were calculated by age group, number of years in employment, calendar period, job category, and place of work. Multiple regression analysis was undertaken to obtain rate ratios adjusted for confounding factors. In the multiple regression model, simultaneous adjustment for age and duration of employment was not possible because of strong collinearity. Therefore, for each model that was fitted, it was determined whether age or duration of employment was a stronger predictor of the outcome, on the basis of log likelihood ratio tests. For workplace injuries it was evident that duration of employment was a better predictor than age. For travel to work injuries they were equally strong predictors in the separate models with calendar period, job category, place of work, or injury history whereas duration of employment was a better predictor in the model with all four other predictor variables. Therefore, we decided to adjust the eVect of calendar period, job category, place of work or injury history on workplace and travel to work injury for duration of employment. We recalculated the rate ratios for travel to work injury after adjustment for age for comparative purposes. The 2 tests for heterogeneity of adjusted rate ratios were carried out by comparing the deviance of the model including the categorical variable with a model without this variable. The diVerence in deviance between the two models was then compared with a 2 distribution with the degrees of freedom equal to the number of parameters of this variable. The 2 tests for trend were done by comparing the deviance of the model with the predictor variable fitted as scores and the model without this variable.
Because we did not have information on injuries before 1 January 1977, and because job category and place of work were known only at the start of employment and end of follow up, not at the time of injury, we had to conduct analyses of rates relative to number of previous injuries, job category, and place of work at the time of injury for a subset of workers for whom this was known. Therefore we analysed rates relative to injury history for workers who started employment on or after 1 January 1977 and rates relative to job category and place of work for workers who had the same job category and place of work at the start of employment and end of follow up. We assumed that these workers did not temporarily change job category or place of work in the interim. The joint eVect of duration of employment, calendar period, injury history, job category, and work area could only be assessed for workers who started employment on or after 1 January 1977 and who had the same job category and place of work at the start of employment and end of follow up.
Results
The cohort consisted of 21 732 workers, most (75%) of whom entered the study before the age of 28. Half of the cohort (10 768) entered the study on 1 January 1977 and the rest entered later. At the end of the study period, 15 September 1992, 8834 workers were still current employees and hence still under follow up.
Most of the workers entered employment as labourers (65.7%) or support workers (20.8%). Support workers are workers involved in various tasks-such as administrative duties, stock and supply, cooking, cleaning operations, and construction. Labourers were mainly recruited for the plate mill, steel mill and foundry, coke oven and blast furnace, and maintenance units.
More than two thirds of men recruited as support workers changed job category, mostly to labourer or technician, during the course of employment. The remaining 31% of workers were still classified as support worker at the end of follow up. Workers who were recruited to the plant as labourers, professionals, and technicians usually remained classified in these job categories until the end of follow up.
A total of 14 972 non-fatal injuries occurred during the follow up period, 10 891 (72.7%) in the workplace and 4081 (27.3%) on the way to or from work. There were 7920 workers who had an injury during the study of whom 4244 had one injury and 3676 had more than one. Fifty one injuries resulted in permanent disability, 86% of them being amputations, otherwise continuing employment did not seem to be strongly influenced by injury as only 85 (1.1%) injuries were followed by leaving employment within 2 months. There were 37 fatal work related injuries, on which we have reported previously. 19 Laceration and scraping, contusion and smashing, penetration of a foreign body, and burns were the types of injury most often found in the workplace. The hands, arms, and eyes were most often aVected (table 1). The most common types of travel to work injury were penetration by a foreign body, laceration and scraping, and contusion and smashing (table  2) . Nearly half (47.1%) of these injuries Duration of employment (y) <1 1-1.9 2-4.9 5-9.9 10-14.9 >15 --aVected the eyes. A foreign body was the cause of eye injury in 84.5% of the eye injuries in the workplace and 99.3% of the eye injuries that were related to travel to work. The remaining travel to work injuries often were lacerations and scrapings, contusions and smashings and sprains (tables 1 and 2). One thousand and seventeen (6.8% of the total) injuries resulted in loss of one or more working days. The median number of working days lost for these injuries was 30 days. Lost working days were most common among labourers, with 53.7 lost working days per 100 person-years, whereas they were over a thousand times less common among professionals (0.02/100 person-years). Injuries with lost working days were most common in workers at the plate mill, steel mill and foundry, and at the coke oven and blast furnace, with 66.1, 52.4, and 48.7 lost working days per 100 personyears, respectively.
Both workplace and travel to work injury showed a highly significant decreased rate with age of the worker, number of years in employment, and calendar period (tables 3 and 4). However, when the eVect of age was examined within categories of duration of employment, the rate of workplace injury within each category was constant, whereas large and consistent diVerences in rate of injury between these employment categories remained within each age group (figure). For travel to work injuries, the eVect of age and duration of employment could not be easily disentangled.
Even after adjusting for calendar period, the rate of travel to work injury was more than twice as high and that of workplace injury was more than three times higher among newly employed workers than in workers employed for more than 15 years.
Labourers were most at risk of workplace injuries (table 5) , with an overall rate of injuries of 7.5/100 person-years. The highest injury rate was found among labourers in the steel mill (12.3/100 person-years) and group leaders in the cranes, rail, and trucks unit (14.1/100 person-years), but this was based on small numbers (data not shown).
DiVerences in injury rate between job categories were also found for travel to work injury, with the highest rates among support workers and labourers and the lowest among professionals.
There was considerable variation in the rate of workplace injury between work units (table  5) . Workplace injury was most common in the steel mill and foundry, and the coke oven and blast furnace area; the maintenance unit, the plate mill and the cranes, rail, and trucks unit were also relatively hazardous. The rate of travel to work injury also varied highly significantly across places of work; injury was most frequent among workers in the steel mill and foundry, the research and production unit, the general support services unit, and the plate mill.
The rates of workplace and travel to work injuries were found to increase with the number of previous injuries (table 6 ). Compared with those with no previous injury, the rate of workplace injury increased twofold after three and four injuries and over threefold after six or more injuries. After adjustment for duration of employment and calendar period, these rate ratios were roughly doubled. For travel to work injury, the adjusted rate was three times higher in workers with three or more injuries compared with workers with no previous travel to work injury.
Duration of employment, injury history, calendar period, job category, and work area remained strong predictors for both workplace and travel to work injury in the 7793 workers who started employment on or after 1 January 1977 and who were classified in the same job category and place of work at the start and end of follow up (table 7) .
The rate ratios of calendar period, job category, place of work, and injury history for travel to work injury were nearly identical when adjusted for age instead of duration of employment in all investigated subgroups of workers. Because nearly half of the travel to work injuries aVected the eyes, we analysed eye injuries and non-eye injuries separately. The rate of injury to the eye during travel to work decreased significantly with age, duration of employment, and calendar period (data not shown). More than two thirds (69%) of these eye injuries occurred before 1983 when the emissions of the plant, which often contained small fragments of steel, started to be filtered. The decrease in rate of eye injuries was most pronounced over the period when filtering was introduced: the rate ratio for this injury during 1981-4 compared with 1977-80 was 0.39 (95% CI 0.34 to 0.44), after adjusting for duration of employment; the rate continued to decrease, although less steeply, subsequently. Support workers and labourers had the highest rates, with adjusted rate ratios compared with professionals of 2.35 (95% CI 1.53 to 3.62) and 1.81 (95% CI 1.23 to 2.66) respectively.
Travel to work injuries that did not aVect the eyes also showed significant trends with age, duration of employment, and with calendar period; the injury rate roughly halved from 1977-80 to 1989-92. All job categories had highly increased adjusted rate ratios compared with professionals, in particular labourers (16.19 ; 95% CI 7.27 to 36.09) and support workers (12.44; 95% CI 5.32 to 29.06). 
Discussion
We found that duration of employment, injury history, calendar period, job category, and area of work were independent risk factors for both workplace and travel to work injury. The rate of travel to work injury also seemed to decrease with age, but age was not an independent predictor of workplace injury when we took into account its strong correlation with duration of employment.
The finding that recently employed workers in a factory meet with more accidents than those who have been employed for longer is a finding that is often mentioned in the safety literature 12 24 and that is confirmed by recent studies. 6 8 10 These findings, together with the finding that people who are moved from one workplace to another or who act as temporary replacements often meet with accidents, 12 emphasise the influence of work experience on risk of injury. Lack of experience is a risk factor for injury because it influences the interaction between the person and other workers, familiarity with various occurrences within the job, knowledge of machines and tools in use and their weaknesses or defects, and awareness of surrounding hazards. 12 A further potential explanation for a lower risk of injury among workers employed for longer is selection biasthat is, that workers who encounter an injury might leave employment whereas those who do not have an injury might remain in employment. This seems, however, not to have been the case, mainly because we found that an injury was rarely followed by leaving employment within 2 months.
The decreasing trend in injury rate with calendar period found in this study is in accordance with the trend reported for the country overall by the National Insurance Institute in Brazil. 25 Likely explanations are changes in the working process-such as better machinery and increased automationintroduction of better safety standards and increased awareness of the burden and cost of injury for the company. One of the main explanations oVered for the national trend is the general tendency, in all Brazilian industries, of replacing the permanent workforce with temporary workers contracted from other employers, which has resulted in underreporting of their injuries. 26 The trend in the present cohort cannot be explained by this phenomenon, however, because subcontracted workers were not included.
A significant increase in the rate of both workplace and travel to work injury was found to be related to the number of injuries of that type previously experienced. The adjusted rate ratios tended to be higher than the crude rate ratios for injury history, because injury history was strongly confounded by the eVect of duration of employment and calendar period. The role of injury history as a risk factor for injury has not received much attention in the literature. A study in the manufacturing industry reported that workers with a non-fatal work related injury were more likely to have experienced a previous non-work related injury. 27 Pilots who were involved in crashes were at increased risk of involvement in future crashes and violations. 28 For the steel workers, the classification of place of work and job category might be too crude to represent the hazardous jobs at the plant and repeated injuries to the same worker may simply mean that he works on a particularly dangerous part of the production line. On the other hand, safety in the steel industry depends very much on the reaction of the workers to the potential hazards of their environment 29 and an increased rate relative to injury history might be explained, at least in part, by characteristics of the worker. Reported factors of susceptibility of individual people to occupational injury include age and experience 6 8 10 as well as the onset of illness, alcoholism, and other substance misuse, and having a hearing defect. 12 30 Drug use, alcohol ingestion, having a chronic disease, 31 and psychological characteristics 32 have been associated with injury related to a motor vehicle and having a hearing defect and exposure to occupational noise 21 with mortality related to a motor vehicle. A very careful investigation of all the factors involved at the time of the accident that caused the injury is needed to identify individual susceptibility to accidents and injury.
Labourers and group leaders were at highest risk of workplace injury. High rates were found in particular in workers at the steel mill and foundry, and to a lesser extent, workers in the coke oven and blast furnace, maintenance unit, plate mill, and in workers responsible for cranes, rail, and trucks. The high rate ratios for these work areas seemed to diminish when adjusted for job category, duration of employment, calendar period, and history of injury. This is likely to be an artefact, however, because job category and work area are both proxies for occupational hazard and the composition of the work force is very dependent on the work area. For example, in the most hazardous places-such as the steel millabout 90% of the workers are labourers, whereas 60% of the workers in general support services are support workers. It is likely that our attempt to adjust the work area rate ratios for the eVect of job category has resulted in overadjustment for the eVect of work area. Our findings (unadjusted for job category) are in accordance with an investigation in steelworks in Mexico, in which the blast furnace area, coke ovens, steel mill, and energy areas were associated with high risks of disabling injury.
14 Also, an earlier investigation of mortality from injury in the present cohort showed that exposure to noise, heat, dust and fumes, gases and vapours, and being a manual worker were significantly associated with risk of fatal injury. 20 It has also been reported that prolonged exposure to heat makes workers more susceptible to accidents. 33 Therefore, preventive eVorts need to be focused on these groups with particularly high risk of injury.
Our methodological decision to restrict our investigation of job category and place of work as risk factors to workers who had the same job at the start of employment and end of follow up was necessary because job at the time of injury was not known. It might in principle have led to bias, however, because the rates of injury in specific jobs could have been underestimated if workers changed job because of injury. We investigated this by calculating the overall injury rate, weighted for job frequencies, in workers who were relocated and workers who remained in the same job. It seemed that bias had not occurred because the injury rate of workers who were relocated was lower than that of workers who were not.
Travel to work injuries were common among steelworkers. The proportion of travel to work injuries among all occupational injuries (27.3%) was much greater than the average in Brazil (3.0% in 1977 and 6.4% in 1992). 26 This discrepancy with national data could be partly explained by the high rate of eye injuries that may be inherent to steelworks, and by the finding that injury related to a motor vehicle is more common among steelworkers. We previously reported that mortalities from injuries related to motor vehicles in this cohort were twice those expected from population rates. 19 There are also likely to be alternative explanations-such as relative underreporting of travel to work injuries compared with workplace injuries in national registers. Travel to work injury has received little attention in publications and very few studies have investigated a possible role of occupational history.
Although detailed information on travel to work injury was not available, it seems that two main diVerent types of travel to work injuries occurred among the steelworkers; eye injuries most likely caused by emissions from the plant and injuries related to motor vehicles. Nearly half of the travel to work injuries aVected the eyes, in 99% of the cases due to a foreign body. Up to 1982 the industry's chimneys emitted a dense brown smoke containing small fragments of steel which might have injured workers' eyes on the way to work. In accordance with this, more than two thirds of the eye injuries occurred before 1983 when the emissions started to be filtered. This does not, however, explain the decrease in the rate of eye injuries after 1983 and the age dependence, although these might have been partly due to diVerences in means of transport. The remaining injuries were of types more typical of motor vehicle accidents-such as contusions and lacerations.
Relatively high rates of travel to work injury were found for support workers and labourers. These workers were more likely to travel by bicycle or motorcycle or on foot and as a result were more vulnerable to traYc hazards and emissions by the plant. The rates of injury decreased significantly with age which for motor vehicle accidents might be because of more reckless behaviour among young people 34 and because older people might use safer vehicles. Preventive programmes in the steel industry could usefully incorporate education on road safety to reduce the burden of these injuries.
Among the steelworkers, eye injuries were also very common in the workplace. About one fifth of the workplace injuries aVected the eyes. By comparison, occupational injuries to the eye form about 3%-4% of all industrial injuries. 12 Exposures to blown sand, coal and iron dusts, and fumes from welding are common to several operations and are associated with a high incidence of foreign bodies in the eye among steelworkers. 12 These findings warrant investigation of ways to improve eye protection within the plant.
We did not analyse injuries that resulted in lost working days separately because this information was thought to be biased. In Brazil, the first 15 days absence after a worker's injury is paid by the industry and after that by the Ministry of Social Security. The industry pays a special tax to the ministry, that up to 1982 was based on the total days lost from injuries, as a hazard indicator to classify the industry. Therefore, there was a policy to force down the statistics of days lost through injuries in the plant, with the implication that workers were relocated after injury rather than sent home. This is most likely to be the underlying reason for the high median number of lost working days after injuries that we found in this cohort; only workers with very severe injuries were sent home.
This study shows a high frequency of workplace injury among steelworkers and highlights the increased risk among inexperienced workers, workers involved in more hazardous parts of the production process, and workers with a history of work related injury. We also found that travel to work injury was common and that most of these injuries were potentially preventable injuries to the eyes. The study identifies workers who should receive special safety and health training and highlights the need for injury prevention programmes for high risk areas and processes in the steel manufacturing industry to reduce the burden of injury.
The study was only possible because of the full and willing cooperation of the Occupational Health Department of USIMINAS in Brazil. The research project was supported by the International Development Research Centre from Canada.
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